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Wednesday, March 9, 2011 543arepresentations of helical repeat proteins have been found to be well-behaved
and highly stable, and facilitate energy dissection using simple nearest-
neighbor models.
In contrast, little progress has been made towards understanding the folding of
b-sheet containing repeat. To determine the folding stability and cooperativity
of these proteins, and to better understand the sequence determinants of struc-
ture and stability within these ubiquitous families, we have initiated studies on
a series of LRR proteins of both naturally occurring and consensus-designed
sequences. We find the LRR proteins PP32 and LC1 to be well-behaved, and
to fold in a highly cooperative transition that is consistent with a two-state
mechanism. NMR H/2H exchange shows the repeating b-strands on the con-
cave surface of both proteins to be more protected than the rest of the mole-
cules, and can be regarded as an exchange-resistant core, whereas the
terminal caps and convex structural elements are more labile. However, trunca-
tions and sequence substitution demonstrate that the caps significantly influ-
ence stability and kinetics.
To further simplify our analysis of b-sheet containing repeat protein folding,
we designed consensus LRR sequences. On their own, these constructs are un-
folded and/or aggregated. By fusing these consensus sequences with naturally
occurring LRR protein YopM, we have obtained solublized, folded arrays that
exhibit increased stability and drastically decreased unfolding and refolding
rates with repeat number. Further studies are needed to dissect the complex
folding pathways taken by these constructs.
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The Structural and Functional Role Fo the Sole Tryptophan Residue in the
Human Acidic Fibroblast Growth Factor
Hannah M. Henson, Anna E. Daily, Suresh Kumar.
Department of Chemistry & Biochemistry, University of Arkansas, Fayette-
ville, AR.
Abstract:
Fibroblast Growth Factor-1 (FGF-1) is a 16kDa heparin binding protein, which
has been associated with a variety of important functions including angiogen-
esis and wound repair. In order for FGF-1 to enter the cell it must interact with
the FGF-1 receptor on the cell surface. One vital residue involved in the binding
of FGF-1 to the receptor is tryptophan 121 (W121). This study aims to examine
the role of W121 on the conformation and functionality of FGF-1. Site-directed
mutagenesis will be used to incorporate mutations at position 121. The effect of
these mutations will be characterized using various biophysical techniques in-
cluding fluorescence, CD, ITC, and mutli-dimesional NMR spectroscopy. As
FGFs are involved in many crucial cellular processes, the gain from this study
is expected to provide useful information on the regulation of the FGF signaling
process.
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Immunoglobulin-binding B1 domain of streptococcal protein G (PGB1) is
a small (56 residues) protein with an a-helix (from Ala23 to Asp 36) lying
on top of two pairs of anti-parallel b-sheets, b-hairpin 1 (from Met1 to
Ala20) and b-hairpin 2 (from Glu42 to Glu56), covering the hydrophobic
core. PGB1 contains no disulfide bonds in its structure and makes it an ex-
cellent model protein for folding study. Our simulation results showed that
the a-helix and b-hairpin 2 had interacted prior than b-hairpin 1 in early
folding stage. Similar experimental results can be observed by monitoring
the folding intermediates of PGB1, which are performed by an over-
critical refolding process, by using fluorescence resonance energy transfer
(FRET) technique, the technique is a precisely optical technique which
can reveal the distance difference within angstrom scale. The FRET analy-
sis of PGB1 also indicated that the distance between a-helix and b-hairpin
2 remained approximately unchanged in all folding intermediates. However,
the distance between b-hairpin1 and b-hairpin 2 decreased during the fold-
ing process. Therefore both simulation and FRET analysis were in consis-
tence. The molecular dynamics of PGB1 during its folding process can be
demonstrated.Membrane Protein Functions
2954-Pos Board B59
Probing Mechanism for the Enhancement of Uptake of Fatty Acid into
Cells by the Membrane Protein CD36
Su Xu, Michael Kirber, Nasi Huang, Kellen Brunaldi, James A. Hamilton.
CD36 is a membrane protein found in various cell types including adipocytes
and endothelial cells. Physiological studies have suggested that CD36 is asso-
ciated with insulin-resistant diabetes, however, the mechanism remains poorly
understood. It is well recognized as a receptor for multiple ligands such as col-
lagen and thrombospondin 1, and possibly acts as a catalyst to enhance the rate
of transmembrane movement of fatty acid. To separate the two independent
events transport across the plasma membrane and the subsequent intracellular
metabolism, we have applied biophysical approaches and metabolic analyses to
cells in vitro. Our results using cultured cells (HEK293 cells overexpressing
CD36 and 3T3-L1 adipocyte cells) as well as mice adipocyte cells isolated
from a CD36 null mouse showed that fatty acids diffuse through the plasma
membrane rapidly with or without CD36. In HEK 298 cells, which normally
synthesize triglycerides very slowly and to a limited extent, expression of
CD36 enhanced the rate and extent of synthesis. Even in the presence of
CD36, incorporation into triglycerides is a much slower process (min) relative
to the transmembrane movement (sec), indicating that the rate-limiting step of
the regulation of fatty acid uptake by CD36 is intracellular metabolism. Lastly,
by PCR array analysis of 84 proteins, we have identified several enzymes in-
volved in human fatty acid metabolism with gene expression levels altered
by overexpression of CD36. Taken together, our results showed that CD36 in-
creases fatty acid uptake by enhancing triglycerides synthesis rather than acting
as a membrane transporter, but as yet by unidentified molecular mechanisms.
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Florian Zocher, John C. Mathai, Andreas Missner, Mark L. Zeidel,
Peter Pohl.
The observation that some membranes and epithelia have no demonstrable gas
permeability suggested that membrane channels may be involved in CO2 trans-
port. Both aquaporins and Rhesus proteins were reported to serve as pathways
for CO2 and H2S. In contrast, we show here that membrane lipid has such high
CO2 and H2S permeabilities that the presence of a protein channel does not en-
hance the flux. Therefore we reconstituted aquaporins into lipid bilayers and
used scanning microelectrodes to monitor pH in the immediate vicinity of pla-
nar lipid bilayers. The lower limits of lipid bilayer permeabilities to CO2 and to
H2S were equal to 3.251.6 cm/s
[1] and 0.550.4 cm/s[2], respectively. We also
observed that the CO2 flux through the lipid bilayer decreases several fold when
the rate of CO2 formation from HCO3
- was not augmented by carbonic anhy-
drase (CA). Experiments with epithelial cell monolayers grown on permeable
support revealed the same result. Inhibition of CA transformed these otherwise
highly CO2 permeable cell monolayers into CO2 barriers. Finally we tested the
CO2 permeability of the epithelium of the mammalian bladder. It was imperme-
able to CO2 even after uroplakin knock-out. We found that the lack of intrinsic
intracellular CA activity of these epithelial cells hampers the CO2 exchange be-
tween blood and urine.
[1] A. Missner, P. Kugler, S. M. Saparov, K. Sommer, J. C. Matthai, M. L. Zei-
del, P. Pohl, J.Biol.Chem. 2008, 283 25340-25347.
[2.] J. C. Mathai, A. Missner, P. Ku¨gler, S. M. Saparov, M. L. Zeidel, J. K. Lee,
P. Pohl, Proc.Natl.Acad.Sci.U.S.A. 2009, 106 16633-16638.
2956-Pos Board B61
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The Overhydrated Stomatocytic (OHSt) erythrocytes of four patients, charac-
terized by the F65S mutation (Bruce et al, Blood 2009) located in the pore
of the ammonia channel Rh Associated Glycoprotein (RhAG), were studied.
We have previously demonstrated that the equivalent substitution (F74L) in
the non-erythroid analogue RhCG resulted in a reduction of the ammonia influx
of 50% in transfected HEK293 cells.
Ghosts prepared by hypotonic lysis of OHSt and control (Ctl) erythrocytes, re-
sealed in the presence of a pH-sensitive probe (pyranine), exhibited echinocytic
morphology. Images of 1667 (Ctl) and 1998 (OHSt) echinocytes, visualized by
light microscopy, allowed the determination of average ghost diameters:
5.8150.2 mm (Ctl) and 5.8350.06 mm (OHSt). RhAG densities, as determined
by flow cytometry, were similar for Ctl and OHSt (78 000 to 80 000 copies/cell).
544a Wednesday, March 9, 2011Ammoniumpermeability (P’NH3) wasmeasured by following the internal compart-
ment alkalinisation, after submitting ghosts to inward ammonium gradients. Alka-
linisation rate constants (k) were deduced from stopped-flow analysis of pH
variations at 15C, allowing the determination of P’NH3 by using the simplified
equation P’NH3=k.r/3 (r: radius of spheric ghosts). The P’NH3 values were signifi-
cantly different betweenCtl andOHSt samples (1.750.11vs 0.7150.004mm.s1).
Additionally, water permeabilitywasmeasured in the sameOHSt resealed ghosts
but containing 8mM6-carboxyfluorescein (6-CF), after submitting them to an os-
motic gradient (150mosm/kg/H2O mannitol). The osmotic water permeability
(Pf) values deduced from the fluorescence quenching at 15C were similar be-
tween Ctl and OHSt samples (0.03550.005 vs 0.03550.04 cm.s1).
In conclusion, the F65S mutation of RhAG induces a reduction of ammonia
flux resulting in an alteration of pHi regulation. The decrease of ammonia con-
ductance through the mutated RhAG can result from loss of hydrophobicity
and/or from structural modifications inside the pore of the channel.
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chia Coli and Proton Translocation
Megan Scoppa, Margaret Cheung.
An all-atom model based on the ac10 subunit of Escherichia coli Adenosine-
Triphosphate (ATP) synthase complex was created using steered molecular dy-
namics along with parallel computer programming designed for the ability to
view larger biomolecular systems. The salt bridge which is required for proton
translocation and thus, proton motive force (PMF), was formed during initial
minimization and equilibration simulations. Using physiological parameters
and experimental data allows for a unique chance to view this nanoscale mo-
tor’s rotational mechanism and will also supply more information about the elu-
sive a-c subunit interface.
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Tsutomu Yamane, Mitsunori Ikeguchi.
In E. coli, it is known that the tripartite multidrug efflux system (AcrB/ AcrA/
TolC) exists, and AcrB resides in the innermembrane region and take part in sub-
strate recognition andenergy transduction for drug export throughproton transfer.
Recently, x-ray structures provided that AcrB forms trimeric protein where each
subunit is different conformation, ‘‘binding state’’, ‘‘extrusion state’’ and ‘‘access
state’’. Especially, only extrusion state subunit has different side chain conforma-
tion of residues (Asp407, Asp408 and Lys940), which are essential for proton
translocation (protonation site). These results suggest that drugs are exported
by a three-step structural change involved in protonmotive forcewhich is inferred
to be caused by change of protonation states of the protonation site residues.How-
ever, the structural change process which involved in proton motive force is still
unclear. In the present study, we performed 100 ns all-atommolecular dynamics
(MD) simulations of three types ofAcrB-membrane-water systemswhich are dif-
ferent from protonation state of Asp407 and/or Asp408 in extrusion state proto-
mer. During all of the 100 ns MD simulations, the global structures of each
subunit were conserved. However, in extrusion state protomer, the conformation
of the protonation site residues were changed to those of other state protomers
only when Asp 407 and 408 residues were deprotonated. In this presentation,
we will discuss the structural change and proton transfer mechanism.
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Francesca Collu, Matteo Ceccarelli, Paolo Ruggerone.
The importance of delta-opioid receptors as target of a large number of drugs
is well recognized, but the molecular details of interaction and action of the
compounds are largely unknown. In an effort to shade some light on this im-
portant issue we performed an extensive computational study on the interac-
tion of two compounds, clozapine and desmetilclozapine, with a delta-
opioid receptor. According to experiments, the lacking of a single methyl
group in desmetilclozapine with respect of clozapine makes the former more
active than the latter, providing a system well suited for a comparative study.
We investigated the escape route of the two drugs from the receptor using mo-
lecular dynamics simulations and metadynamics. Our results point out that
prolonged interactions of the compounds with specific residues of the receptor
do not correlate directly with their activity, having clozapine the longest inter-
actions if compared with desmetilclozapine but being also less active. The ac-
tion of the compound is related to the spatial distribution of the affinity sites it
visits during its permanency. Additionally, the role of long-resident water mol-
ecules is discussed. Such information might be useful to provide hints and in-
sights that can be exploited in more structure-and-dynamics-oriented drug
design.2960-Pos Board B65
Computational Studies of Translocon-Assisted Processes of Membrane
Protein Insertion and Translocation
Anna Rychkova, Arieh Warshel.
Membrane proteins make up about 30% of all the proteins in the body and rep-
resent more than 50% of drug targets. The protein-conducting channel, called
translocon, is responsible for protein-membrane integration and the under-
standing of the mechanism of translocon-associated membrane protein folding
has a significant biological and pharmaceutical interest.
The translocon is a very large multidomain protein complex and the structural
information about the protein-translocon complex is very tentative. Thus brute
force all atom MD computer simulations are not expected to be very useful at
this stage. In order to advance this challenging direction we introduce a unique
coarse grain (CG) method with extended electrostatic treatment. This model al-
lowed us to explore the energetics of the insertion of transmembrane helixes
into lipid bilayer trough the translocon and to study the controversial question
of the charged residue location in the membrane. More recently we stated to use
the CG model in exploring the effect of key mutations that allow the secretion
of proteins with defective or absent signal sequences. The preliminary insight
provided by this study will also be described.
2961-Pos Board B66
An Atomistic Gating Mechanism of the AMPA-Subtype Glutamate Recep-
tor
Hao Dong, Huan-Xiang Zhou.
Glutamate receptors mediate fast excitatory synaptic transmission in the central
nervous system.Agonist binding to an ionotropic glutamate receptor (iGluR) trig-
gers the opening of an ion channel, allowing the flow of cations across the mem-
brane. Although the structures of the isolated extracellular ligand binding domain
(LBD) in different states have been determined, it remains unclear how agonist
binding is transmitted to open the channel. Here, based on targeted molecular dy-
namics simulations, we propose an atomistic mechanism for how the closure of
the clamshell-like LDB upon agonist binding leads to channel activation. Simu-
lations of an AMPA-subtype iGluR, including both the LBD and the transmem-
brane domain (TMD) in explicitwater andmembrane, startedwith the LBD in the
antagonist-bound form. The LBD was then targeted to move toward the agonist-
bound form, mimicking agonist binding. The resulting LBD closure was propa-
gated to the TMD, and the pore formed by the M3 helices widened, signifying
channel opening. The link peptides between the S2 half lobes of the LBD and
theM3 helices of TMDwere critical for the communication between the two do-
mains. TheM3heliceswere rigid, and pore-widening resulted from an increase in
tilt angle. At the same time, the whole M3 helix bundle translated upward. The
detailed mechanism of coupling and communication between the extracellular
and membrane-spanning domains elucidated here may serve to guide new exper-
iments on the glutamate receptor andmotivate the use of ourmethodology for the
study of other neurotransmitter receptors in the central nervous system.
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Xuanyu Meng, Yu Xu, Hongxing Zhang, Gea-Ny Tseng, Meng Cui.
KCNQ1 is the pore-forming component of the slow delayed rectifier (Iks) channel
inhumanheart.AlthoughKCNQ1can function as a voltage-gated (Kv) channel on
its own, it requires KCNE1 to modulate its functions. To understand the mecha-
nism of how KCNE1 modulate KCNQ1, molecular simulations are employed to
model the interactions between KCNQ1 and KCNE1. A homology model of
KCNQ1wasconstructedbased on the crystal structure ofKv1.2-Kv2.1 paddle chi-
mera channel (PDBentry: 2R9R) template. ForKCNE1,we used aNMRstructure
as an initial conformation, and manually adjusted the orientations of its N- and C-
terminal domains to avoid their folding intomembrane. Then 100nsmolecular dy-
namics (MD) simulations were conducted to sample possible conformations of
KCNE1 in POPC lipid bilayers. The cluster analysis was conducted on KCNE1
tansmembrane domain (KCNE1-TMD) from 40ns to 100ns simulation period.
Five representative structures of KCNE1-TMDwere selected, and used for dock-
ing simulations to KCNQ1. We performed 2 dimensional Brownian Dynamics
(2D-BD) protein-docking simulations on each representative structure of
KCNE1-TMDandKCNQ1homologymodel. After selecting compact complexes
by using a distance-based filter to remove loose contact complexes, a series of ex-
perimental restraints were applied to select one finalKCNQ1/KCNE1-TMDcom-
plex structure. The N- and C- terminal domains of KCNE1 were reconstructed to
generate thewhole complex of KCNQ1/KCNE1, and followed by 100nsMDsim-
ulations in explicit membrane environment. For comparison, we also conducted
100ns MD simulations on KCNQ1 alone. Based on the two simulation studies,
we analyzed the dynamics of the KCNQ1 channel with and without KCNE1 pres-
ent through a systematic examination of hydrogen bond network patterns and ion
permeation pathway of the channel. The results could provide us helpful insights
of the molecular mechanism of how KCNE1 modulating KCNQ1 channel.
